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[57] ABSTRACT

A diffraction grating mounting device for a scanning
monochromator comprising: a base member; a diffrac-
tion grating; a diffraction grating supporting axle which
integrally supports the diffraction grating and is rotat-
ably supported by the base member; a first arm fixed to
the diffraction grating supporting axle at right angles
thereto; a second arm which is swingably supported on
the base member 1n uniplanar relation with the first arm;
a ink member which connects the first and the second
arms at points equally apart from the rotational centers
of the first and second arms, respectively, the distance
between the points being egual to that between the
rotational centers of the first and second arms; a cam
follower axle fixed to the link member at right angles
thereto; a cam having a linear driving portion and being
provided at one end of a right circular cylinder; a motor
for driving the cam; and means for biasing the link
member of the first and second arms so as to make the
cam follower axle contact the cam.

S Claims, 2 Drawing Figures
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DIFFRACTION GRATING MOUNTING DEVICE
FOR SCANNING MONOCHROMATOR

BACKGROUND OF THE INVENTION

The present invention relates to a mounting device
for a diffraction grating used for a rapid scanning mono-
chromator, and more particularly to a mounting device
for a diffraction grating in which the scanning velocity
1s equal over the entire wavelength of the monochroma-
tor.

In the study of various spectra, the importance of
rapid spectra measuring over a certain wavelength re-
gion has recently been noted, and a new method has
been proposed in place of the conventional photo-
graphic spectra measuring. In the new proposal, a semi-
conductor light detecting element which 1s a multi-
channel detector is placed at an exit focal plane and the
wavelength scanning is carried out according to a com-
pletely electrical method. However, the proposed new
method is applicable only to monochromators and spec-
trographs which have a flat field of focus. Also, it uses
expensive elements as for example in the scanning cir-
cuits. The sensitivity of the light receiving element itself
and spectroscopic sensitivity characteristic are limited
to a certain extent.

On the other hand, a photomultiplier has high sensi-
tivity, is not expensive and can provide various spectro-
scopic sensitivity characteristics. Therefore it 1s suitable
for use as a light detecting element for the rapid scan-
ning monochromator.

Such a rapid scanning monochromator provided with
an oscillating folding mirror placed in the very front of
an exit shit 1s known, 1in which the light path 1s changed
by the oscillation of the mirror and light in a certain
wavelength region is passed through the slit repeatedly
to measure the spectra. According to this method, how-
ever, by the change of angle of the oscillating mirror the
opening angle of a light collecting mirror placed at the
exit side changes and as a result, the spectral intensity is
not constant. Also, a linear relation does not exist be-
tween the rotational angle of the oscillating mirror and
the irradiated wavelength, thus requiring further com-
plicated and very expensive electrical converters for
correctly indicating and recording the spectra.

A further monochromator of the photomultiplier
type which uses a combination of a cam and a bar at-
tached to a grating axle or a combination of a screw and
a sine bar 1s known. In the former, a bar or an arm
mounted on the rotating axle of the diffraction grating is
driven by a cam. In the latter case, a sine bar coaxially
fixed to the diffraction grating is attached to a roller
mounted around a screw. By the rotation of the screw,
the roller moves, and therefore linear wavelength scan-
ning is carried out with respect to the rotational angle of
the driving axle of the screw. In the former case, the
cam 1s continuously rotated with certain velocity and
thereby the diffraction grating is oscillated so that a
rapid scanning 1s carried out. In this method, the above-
mentioned problem of the change of the opening angle
of the hight collecting mirror and the hnearity of the
wavelength may be solved, but 1t is difficult to manufac-
ture a cam of the wavelength linear type. Also it 1s not
possible to obtain linear scanning over certain wave-
length region of the monochromator with the same
cam. In the latter method using a sine bar and a screw,
the screw repeats a recriprocating rotation and there-
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2

fore it may not be used for a ultra-high speed reciprocat-
INng movement.

SUMMARY OF THE INVENTION

A diffraction grating mounting device for a scanning
monochromator according to the present invention
comprises: a base member; a diffraction grating; a dif-
fraction grating supporting axie which integrally sup-
ports the diffraction grating and 1s rotatably supported
by the base member; a first cam fixed to the diffraction
grating supporting axle at right angles thereto; a second
arm which is swingably supported on the base member
in a unipolar relation with the first arm; a ink member
which connects the first and the second arms at points
equally apart from the rotational centers of the first and
second arms, respectively, the distance between the

‘points being equal to that between the rotational centers

of the first and second arms; a cam follower axle fixed to
the link member at right angles thereto; a cam having a
linear driving portion and being provided at one end of
a right circular cylinder; a motor for driving the cam;
and means for biasing the hnk member of the first and
second arms so as to make the cam follower axle
contact with the cam.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a perspective view of an embodiment of the
diffraction grating mounting device according to the
present invention; and

F1G. 2 are a characteristic curves of a cam used in the
embodiment of the device, which causes shows dis-
placement as a function of the rotational angle of the

Caln.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENT

In FIG. 1, which shows a perspective view of an
embodiment of the mounting device of the diffraction
grating for a rapid scanning monochromator, an axle 1
is rotatably supported on a base plate 22, and a diffrac-
tion grating 8 is integrally fixed to the axle 1. To the axle
1 is fixed an arm 2, which rotates with the diffraction
grating 8.

The diffraction grating used may be one applicable to
any type of monochromators, such as the Czerny-
Turner type, Ebert type, Littrow type, normal inci-
dence type or grazing incidence type.

Similar to the diffraction grating rotating axle 1, a
rotating axle 3 is rotatably mounted on the base plate 22,
and to the axle 3 an arm 4 is fixed. Connecting pins 9 and
10 protrude from arms 2 and 4 respectively, the centers
of the respective pins 9 and 10 being the same distance
apart as the rotational centers of the respective arms.
On the pins 9 and 10 a link member § 1s mounted, so that
the arms 2 and 4 may be rotated simultaneously and at
the same angle. The distance between the pins 9 and 10
on the link member S is equal to that between the cen-
ters of the axles 1 and 3. When the centers of the axles
1 and 3 and those of the connecting pins 9 and 10 are on
the center lines of the arms and the link member §, the
mutual relation of the two arms 1 and 3 and the link
member S is set as follows: When a monochromator
having the diffraction grating 8 as the dispersing ele-
ment emits zero-order light, the three members form
three edges of a rectangle or a square. In other cases, the
three members are set to form the three edges of a paral-
lelogram. At right angles with the center line of the link
member 5, there is mounted thereto a cam follower axle
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or driven pin 6, in parallel with the movement plane of
the link mechanism formed by the three members. The
outer surface of the pin 6 rotates as a roller, to which a
cam 7 is attached and with which it rotates. By the
biasing force of a spring 19 the pin 6 ailways presses on
the cam 7. The displacement of the pin 6 by the cam 7
is transmitted through the above-mentioned link mecha-
nism to the diffraction grating rotating axle 1, thereby
providing a reciprocating maintains to the grating 8.

Now assume that the arm 2 rotates through an angle
0 from the position where the monochromator emits the
zero-order light, the exit wavelength 6 will be given by
the equation:

A=A-SIN 0,

wherein A is a constant of the device. The driven pin 6
is placed always at right angles with respect to a base
line connecting the centers of the axle 1 and the axle 3
and its displacement from the time of the zero-order
emission in the parailel direction with respect to the
base line is given by SIN 8, or in other words 1n propor-
tion to the irradiated wavelength of the monochroma-
tor. Therefore, the cam 7 is formed so as to give in the
displacement line thereof a linear main moving area
except the returning portion to the start position, which
is clearly shown in FIG. 2. By rotating the cam 7 at a
constant speed to drive the pin 6, repetitive scanning of
a certain width of the wavelength may be possible at a
certain wavelength changing velocity.

The cam 7 is connected directly with a motor 11 and
both members may be moved as a whole along a guide
line extending in a direction parallel to the base line.
Thus, the center angle of oscillation of the diffraction
erating 8 may be set freely to the desired wavelength
position of the monochromator. The cam 7 and the
motor 11 as a whole may also be rotated on a rotating
disc 13 and fixed to a desired position, so as to change
the angle between the cam shaft and the driven pin 6.
According to the shown relation, if the angle formed
between the cam axis and the pin 6 1s (90° —y) degrees,
the effective displacement value of the cam 7 to the pin
6 is given by multiplying the displacement value at the
angles of 90 degrees by COS v. In FIG. 2, the displace-
ment of the cam, when the angle between the cam axis
and the pin is changed by 7y degrees, is given by B. If the
angle of the cam axis is fixed, the value of COS v be-
comes a constant value, thus enabling an increase or
decrease in the extent of displacement given to the pin
6 while keeping the uniformity of the cam movement
regardless of the position of the cam and the motor on
the guide 12. The width of the wavelength region to be
scanned may thus be set as desired. At one end of the
cam shaft there is provided a rotational angle detection
device comprising a small disc 14 with a small opening
and a photoswitch 15. With this detector, the time of
start of each scanning may be known, and such informa-
tion is used in applying a start trigger signal to the oscil-
loscope for indication of the spectra or data memory for
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recording the spectra. In place of the above mentioned

combination, other detecting devices such as the combi-
nation of a Hall element and a magnet or a pin and a
microswitch may be used. A driving pin 16 provided
with a roller is mounted on the arm 2, and a driven flat
plate 17 i1s pressed into contact with the roller by a
spring 20. The movement of the flat plate 17 is transmit-
ted to a differential transformer 18 through a rod 21. In
this connection, the transformer 18 is placed in parallel
with the above-mentioned base line and 1s already set to

60
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provide a zero output when the monochromator emits
zero-order light. An electrical output is obtained from
the differential transformer 18 in proportion to the emit-
ted wavelength of the monochromator. The output
provides a real time indication of the value of the wave-
length for an X-axis input of an oscilloscope for the
indication of spectra, or for an address input to a data
memory for the recording of the spectra. In place of the
above-mentioned differential transformer, other posi-
tion detectors may be used, such as a linear potentiome-
ter, linear encoder, etc. which have linear output char-
acteristic.

As fully described above, the diffraction grating
mounting device according to the present invention
comprises a link mechanism including arms, a driven
pin and a linearly displacing rotational cam. Since these
members do not include any sliding portions, a smooth
and rapid movement is obtained, and the device is easily
manufactured. Particularly, the hnear displacement
type rotational cam may be manufactured with much
precision without complicated design calculaticns and
at low cost. According to the present invention, the
wavelength scanning is linear with respect to time for
any set scanning wavelength width over the entire
wavelength region of the monochromator. Therefore,
the monochromator according to the present invention
may be used with any type of data memory devices.

What is claimed is:

1. In a diffraction grating mounting device for a scan-
ning monochromator comprising:

(a) a base member;

(b) a diffraction grating;

(c) a diffraction grating supporting axle which inte-
grally supports the diffraction grating and 1s rotat-
ably supported by the base member;

(d) a first arm fixed to the diffraction grating support-
ing axle at right angles thereto;

(e) a second arm swingably supported on the base
member in a uniplanar relation with the first arm;

(f) a link member connecting the first and the second
arms at points equidistant from the rotational cen-
ters of the first and second arms, respectively, the
distance between the points being equal to that
between the rotational centers of the first and sec-
ond arms;

(g) a cam follower axle fixed to the link member;

(h) a cam;

(1) a motor for driving the cam; and

(i) means for biasing the link member of the first and
second arms so as to make the cam follower axle
contact saitd cam;

the diffraction grating mounting device wherein said
cam follower axle is fixed to said link member at
right angles thereto and is located 1n a plane paral-
lel to the plane formed by said first and second
arms, said cam has a linear driving portion, and the
rotational position of said cam is adjustable in a
direction parallel to a line connecting the points at
which said link member is connected to said first
and second arms. |

2. A diffraction grating mounting device for a scan-
ning monochromator according to claim 1, wherein the
direction of the rotational center axis of the cam 1s ad-

65 justable in a plane at right angles to the diffraction grat-

ing supporting axie.
3. A diffraction grating mounting device for a scan-
ning monochromator according to claim 1, which fur-
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ther includes an encoding disc, said encoding disc being in the swinging movement of the first arm is read out
rotatable integrally with said cam. by a linear encoder.
4. A diffraction granting mounting device for a 9. A diffraction grating mounting device for a scan-
scanning monochromator according to claim 1, where- ning monochromator according to claim 1, wherein the

cam 1s provided at one end of a right circular cylinder.
X ¥ . * *
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